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[lNepcnekTuBbl padsutua IPI1

The Prospects of Hydraulic
Fracturing Development

I1.C. JEMAKHH, pykosBoguTeas npoekra I'PII OO0 JIennHOoropckPemCepsuc», <Tarpac-PemCepBuc>

P. DEMAKIN, Head of Hydraulic Fracturing Project, LeninogorskRemService, LLC, Tagras-RemService

TexHonorus 'PI BblcOKO BocTpeboBaHa,
NOCKONbKY 3 eKT OT ee NPUMEHEHUs
conoctaeum ¢ 3pchekTom oT BypeHus
HOBOW CKBa>XXMHbI, @ UHOTAA Jaxe
npeBbIWaeT ero. [Npu 3ToM ¢ ToUKK
3peHunsi SKOHOMUKU npoBoanTb P B
[Ba 1 bonee pasa felesne, 4eM OypuTb
HOBY'O CKBaXKMHY. Ha cerogHsaLWHWM
neHb TexHonorusa MNPl goctatoyHo
pa3BUTa, M 3aKa3uymka nHTepecyeT

y>Xe He NpoBefeHMe rmapopaspbiBa

KaK TaKkoBOro, a MpoBefeHNe ero
NPUMEHUTENBHO K KOHKPETHbLIM
YCIIOBUSIM: FEONOTMYECKMM, NJIaCcTOBbIM
1 T.N. Ha nepBbIl NNaH HbIHE BbIXOAST He
CTaHAapTHble TEXHONOI MK, @ MPOLLECChI,
yuyuTbIBaloLue Bce ycnoBus. Nosatomy
BO3pacTatoLlee 3Ha4YeHme npugaeTcs
KOMMeTeHLMM KOMMaHUK, NPOBOASLLEN
I'PM, pa3BUTOCTY €€ TEXHONOINYECKOM
cocCTaBnstoLWwen, Nogodopy MHCTPYMEHTOB,
KOTOpbIMW OHa BnageeT. «Tarpac-
PemCepBuc» yaensieT 0onbLioe BHUMaHMe
TexHonormam. Mel oTcnexxmBaem
HOBWHKW Ha BbICTaBKaX, B XXyPHaJIbHbIX
nyo6nukaumax, odcyxaaem nx c
Konneramm n 3akasdnkamu. Ctapaemcs
Bcerga ObITb Ha OCTpME NHHOBALMIA.

B maTepuane, KoTopbI 5 Npeanarato
BalLeMy BHMMaHWIO, MpBeAeHa NNLLb
HebonbLIas 4acTb KOMMNETEHLUMIN Hallel
KOMMaHWK, NOCKOJIbKY pacckasaTb

000 BceM B orpaHM4eHHOM oObeme
HEBO3MOXHO. B hokyce 3Ton XypHanbHOM
nyo6nuKaumm — CoeMeLleHHas TeXHonorms
NpPonnaHTHOro n kucnotHoro NP,
TEXHOJIOTNN, 3aMEHSIIOLLME JINHENHBIN
refb Ha peareHT TS Bioxan, TexHonorum
OrpaHn4eHus BbICOTbI TPELLMHbI. Bce
OHM HarnpaeeHbl Ha To, YTOObI 3aKa34mK
Nony4Ymn MakcUmanbHyto fo0blvy Hedh Ty
N3 KOHKPETHOrO nacTa, KOTOpPbIN
npeanaraeTcs K pa3pbiBy.
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Hydraulic fracturing technology is currently in high demand due
to the fact that its effectiveness is comparable to the effectiveness
generated by the process of new well drilling. Sometimes hydraulic
fracturing is even more efficient than the latter. Moreover, it is
two or even more times cheaper to perform hydraulic fracturing
than to drill a new well. Today hydraulic fracturing technology

is well-developed, and customers are interested not justin
hydraulic fracturing itself but in the process of its execution

under various conditions, including geological and formation
conditions, etc. Fracturing techniques that take into account

all mentioned conditions now come to the foreground. That is
why the competency of the company that provides hydraulic
fracturing services, as well as its tools and technologies stack, are
now gaining more and more significance. Tagras-RemService pays
great attention to available technologies. We keep track of new
developments presented at various exhibitions, in journal articles
and discuss them with our colleagues and customers. We always
try to be at the cutting edge of innovations application. The
material that will be presented below contains only a small part
of our Company'’s expertise since it is impossible to demonstrate
everything in a journal article of limited volume. In the focus of
this publication we put a combined technology of proppant and
acid fracturing, as well as fracture height limitation technologies
and techniques that replace linear gel with TS Bioxan chemical. All
mentioned technologies are designed to help customer achieve
maximum levels of oil production from the reservoir selected for
treatment.



MaTpuyHasa kucnotHas 06paboTka C NeHHbIM OTK/IOHUTENEM
Kap6OHaTHbLIX KOJIEKTOPOB
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Russia has unique energy resources. The
main customer of LeninogorskRemService,
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|
- : [ Ti 1 LLC is Tatneft, OJSC. But our Company has
i | P =Tk operational background in Povolzhski Region
. r S t i i aswell.
B N N T T . . .
Toasimira Tims ’ Currently every oil company is trying to
HKTHanwrpaa: RN ﬂ:m{m:;,:m — Serwoma. extract r§sidual oil resirves more effectively.
HCI-15 % w pacTecpuTent (az07) . Botuce Meanwhile, around 60% of total in-place
IR-35 oil reserves are concentrated in carbonate
reservoirs. Development of such oilfields is
associated with lots of problems that cause
troubles during exploitation of wells and can
lead to inability of unlocking full potential of
wells. Hydraulic fracturing is now one of the
Poccus o6majaeT yHUKaIbHBIMH S3HEPTETUYECKUMU most efficient enhanced oil recovery methods.
3arnacamMu. OCHOBHOMU 3aKka34ynK OO0 «JIeHuHOropckPem- If there are water-saturated areas situated near
Cepsuc» — ITAO «TaTHe(dTH» HO Y HAIIIEH KOMIIAHUHU UMECTCS the interval to be treated or there is a fractional
OIBIT PA60OT BO MHOT'UX KOMITAHHU X [TOBOJIXKCKOT'O PETUOHA. cement stone, proppant hydraulic fracturing or
B HacTosmEee Bpems nepes; BCEMU HEPTAHBIMUA KOMIIAHUSIMU acid fracturing should be performed carefully
CTOMT 3371244 6071ee 3(PHEKTUBHOM TOOBIYU OCTATOUHBIX due to the risk of fracture breakthrough into
3a11acoB He(PTH K3 Heap 3eMan. Ha ceroguaimyauil 1IcHb a watered layer. In such cases it is appropriate
OKOJIO 60% I'E€OIOTUYCCKUX 3AITACOB HE(PTU COACPIKUTCS to use the technology of high-volume matrix
B KAPOOHATHBIX KOJUIEKTOPAX. Pa3zpaboTka Nofo6HbIX acidizing which should be performed under a
MECTOPOKJCHHU COITPOBOK/IACTCSI MHOKECTBOM pressure not exceeding reservoir breakdown
Pa3HOOOPA3HBIX TEKYIIUX IPOOJIEM, KOTOPBIE IPUBOJAT K pressure. Le. only the matrix (pore volume) of
OCJIOKHEHUSIM, CBI3AHHBIM C HEJJOCTUKEHHEM ITOTEHITHATIA reservoir should be treated.
CKBaKMHBL OHUM U3 CAMBIX 3(PD(PEKTUBHBIX METOOB At the first stage of high-volume matrix
MHTEHCU(PUKALINU (PIIIOH/IOB M3 IUIACTA B CKBAXKUHY SIBJISETCA acidizing an injection test is performed.
TUJIPOPA3PHIB IUIACTA. ECJIU BOJIOHACHIIIIEHHBIE OO'BEKTHI Specialized software determines reservoir
PACTONIOXKEHBI 6JIM3KO OT 06PA6ATHIBAEMOIO MHTEPBAIA U breakdown pressure on the basis of injection
MMEETCA YACTUYHBIIN [IEMEHTHBIN KAMEHD, IPU IPONITAHTHOM test results. The determined value should
I'PTT myimt KTPIT cymieCcTByeT ONPEEIEHHBIN PUCK IPOPBIBA not be exceeded during acid treatments.
TPEIMHBI B OOBOAHEHHBIN IIJIACT. B TAKUX Crydasax 6osee The technology of acid fracturing involves
LEIECOOOPA3ZHO UCIIOIb30BATh TEXHOJIOIHUIO MAaTPpU4IHOM BCKO, sequential injection of gel and acid. Gel is
KOTOPAA AEIAETCA IIPH JABJIEHUH, HE IPEBBIIAIONIEM 1ABJIEHNUA used for blocking natural cavities in carbonate
Ppa3pbIBa NOPOABI-KOJIJIEKTOPA, T.€. OOPA6ATHIBAETCA €€ MATPHUILA reservoir, while acid composition injected after
(TIOPOBOE IPOCTPAHCTBO). has time-lagged reaction time and provides
Ha navaspHoM 3Tane BCKO npoBOANTCA HATHETATEIbHBIA deep chemical treatment of low-permeability
TecT. ITo ero pe3ynpraraM C IIOMOLIBIO IIPOTrPAMMHOIO formation intervals. Due to low formation
obecrneveHns OPEAEIAETCA JaBIEHHE PA3PbIBA IIOPOJH, } pressure and the lack of formation energy
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Hacoc manoil Npov3BoaMTENBHOCTH
NO3B0ONWT:

Wmewmuecs npobneMel Npu nposeaeHuy 6ON3

1. Hacockl, UMEHLWKWECA B HANWYKK, NO3BONAIOT

paBoTaTe C MMHMMANbBHBIM TEMNOM 3aKadku-0,2

M3/MHH.

JaHHBIA TEMN 33Ka4YKK HE NO3BONSET NPOBOAMTL
MaTpuydHble BON3. Tpeboeanue 3akazvvka-0,05
M3/MUH.

1. PaboTate € TEMNOM 3akadku 0,05
M3/MWH, 4TO NO3BONAET NPOBOAWTE
MaTpudHele BOMN3.

2. ¥npaensaTe npoueccoM BOM3 M3 cTaHuMK
ynpaenedna Hacocom (oTnagaeTt
HeobX0AMMOCTE B CTAHUMK KOHTpONA).

2. MpK 3aKadvke ¢ MMHMManbHBIM TEMNOM
HarHeTaHWA BO3MOMEH PaHHWA BeIXOA W3 CTPOA
KNMN nacocos

3. OcyWecTBNATL NPUroTOBNEHME Mens,
noaaYda xMM. Jo5aBOK BO3MOXHE C NOMOLWWLD
YOX (CHM¥MEHWEe pacxoOoB TONAMEa NoO
CpaBHeHWD ¢ GneHaepom).

3. NoBblWeHHEIE TRAHCNOPTHEIE PAcXoibl

KOTOPOE HE IIPEBBIIACTCA B Ipouecce nposeaeHus KI'PIL
Texnosnorus KT'PIT 3ak/11049a€TCS B TOOYEPENHOM 3AKAUKE '€
W KHCJIOTHL ['enb CITYKUT 11 6]IOKI/IpOBaHI/IH C€CTCCTBCHHbBIX
K4BEPH B KAPOOHATHOM KOJUIEKTOPE, A 3aKAYUBAEMAS

BCJIEJ, KUCJIOTHASA KOMITO3UIIUS C 3AMEIJIEHHOM CKOPOCTBIO
PEAKIIUU OOECTIIEYUBAET INIYOOKYIO XUMHUUYECKYIO OOPAOOTKY
MAJIOIIPOHUIIACMbBIX MTHTCPBAJIOB IIJIACTA. B ¢BsI3U ¢ HU3KUM
IUTACTOBBIM JABJIEHUEM 3349ACTYIO [IJIACTOBOU SHEPTUH
OKAa3bIBAETCA HEAOCTATOYHO JIJISI BBIHOCA U3 KOJUJIEKTOPA
OPOAYKTOB PEAKIIUH B KODOTKHE CPOKU. B pesynbrare
YBCINYCHUC ,IIC6I/IT2. CKBA’KMHBI ITIPOUCXOAUT MCJJICHHO —

O MEPE OUUCTKU TPEIHH. /1711 pEMEHUA JAHHOM TPOOIEMBI
MBI UICTIOIB3YEM 430T HA ITATIE 3aKAYKHU resisd. [a3upoBaHHas
JKMJIKOCTB 3HAYUTEIBHO MOBBIIIAET IPOHUIIAEMOCTD

U IIPOBOJUMOCTD TPEIHH. B pe3ynbpraTre 06paboTKN
U3BECTHAKH U IOJIOMUTHI PACTBOPAIOTCSA B KUCJIOTE, OOPA3YA
BOJIOPACTBOPUMBIE ITPOAYKTHI PEAKIIUH. JJaHHAS TEXHOJIOT U
YCIIENTHO IPUMEHAETCA HA CKBAXKMHAX HAINX 3aKA39UKOB.

IIpu nposeaeHUuU MaTpUuYHbIX BOII3 HEOOXOAUM MaJIbI
pacxop xxuakoctu (50—-100 i1/MuH). MMeromieecss 060pyJOBAaHUE
HO3BOJAET PabOTATh € pacxonoM 200 J1/MHH, HO IPU 3TOM
CYILIECTBYIOT PUCKHU NIPEXKEBPEMEHHOI'O BBIXO/IA U3 CTPOSI
KIIIT HACOCHBIX arperaTos. I pemeHus JaHHOU NPOOIEMEI
OBbLII IPUOOPETEH HACOC MAJION TPOU3BOJIUTEIIBHOCTH,
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often it turns out that carry-over of reaction
products is rather slow. As a result, the increase of
well flow rate is strongly correlated with the rate
of fractures cleanout. In order to deal with that,
we use nitrogen during the stage of gel injection.
Aerated fluid significantly increases permeability
and conductivity of fractures. The mentioned
treatment leads to break-up of limestone and
dolomite, which form water-soluble reaction
products. This technology is successfully used in
the wells of our customers.

In order to perform high-volume matrix
acidizing, low flowrate (50-100 liters per minute)
is required. Pumping equipment owned by our
Company allows to perform operations with a
flowrate of 200 liters per minute. But there is a risk
of premature failure of pumping units. To address
this issue we have recently purchased a low flow
pump that allows to maintain flowrates of 50 liters
per minute. We use this pump during high-volume
matrix acidizing operations. Thus we increase the
quality of works and treatments efficiency. In order
to control such operations one needs just a control
station. Preparation of gelling agent and injection
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2. BuicoKER HEONHMOPOOHOCTE padpesa;
3. Huamd kostpHUMEHT SHOMANEHOCTH
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MO3BOJISAIONIUN pa0OTATh C PACXOAOM 50 JI/MUH. DTOT HACOC
MO3BOJIAET IPOBOAUTD MaTpUdHbIe BCKO. TaknumM 06pasom,
MHOBBIIIAETCS KAYECTBO PA0OT U 3(PPHEKTUBHOCTL OOPAOOTOK.
VrpasiaTs BOII3 MOXKHO U3 CTAHIIAY YIIPABJICHUSA, TIPU
3TOM OTHAJAET HEOOXOJAUMOCTD B CTAHITUN KOHTPOJISL.
HpI/II‘OTOBJICHI/IC Ted 1 nnogada XUMHYCCKUX ,HO63BOK
BO3MOKHA C TOMOMIBIO Y X, 4TO CHUXKAET IOTPEOIEHUE
TOIUIMBA IO CPABHEHUIO C OJIEHIEPOM.

CocTrapnAnomasa 9acTb 3anacos HepTu [TAO «TatHePTH>
IPUYPOUYEHA K 3AJIEXKAM, IPEICTABIEHHBIM KAPOOHATHBIMU
KOJUIEKTOPaMH. KaK 51 yKa3bIBaJl paHee, OCHOBHBIM METOIOM
MOBBIEHU HEPTEOTAAYN KAPOOHATHBIX OTIOKEHUH
SIBJIICTCA T'UPOPa3poIB I1acTa. [Tocse nposegenus KI'PIT
nu I'PT1 B BBICOKOIPOHHUIAEMBIX KAPOOHATAX WJIM IIPU
YAAJIEHUH OCHOBATEJIBHOTI'O 3aI PA3HEHU A IOPOJBI MOXKET
HAOIIOJAThCS 3HAUYUTEIBHOE YBEIUYEHUE AOOBIYU. HO TaKkort
3(P@EKT MOXKET OBITH HENPOAO/IKAUTEIBHBIM, TOCKOIBKY
06pabOTKE MOABEPICS OIPAHUUYEHHBIN OObEM TOPOALL B CBA3U
C 3THUM OOCTOSITENBCTBOM BO3HUKAET UZESA BO3MOXKHOCTH
coeguHeHus TexHonoruu KI'PIT u I'PIT, Tak Kak 1ojsiHOE
COBMEIIEHUE 3TUX BO3JECHCTBUN HA IJIACT JAET BO3MOXKXHOCTD
MHOJIYYUTh CUHEPreTUYECKUI 3(PPEKT. BEICOKUIT MOTEHITUAT
COEAVHEHUS IBYX BUJJOB THAPABIUYECKOTO PA3PbIBA IIACTA
06€eCTIeYnBAET TEXHOJIOTHYECKAA OCOOEHHOCTD TAKOT'O

3aKayKa YepeyIMMUCA NaYKaMi CTAOMA OTKNOHKTENA M
KHCNOTHOND COCTABE,

B nepaod cTanMM C OTKMOHWTENEM NOSASTCA NPONNaHT MEnKoR
IPAKLIMM — CIYHAT B KEHBCTES MEXEHWECKOND OTKNOHUTEMA
NOTOKE;

Bo sTopoA cTag NOJAGTCA NPONNEHT CPEAHER (PaKLMM —C
Uens 3anpennequa N3N nonyweHHOR TRewwHs
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of chemical additives can be performed using a
chemical dosing station, which is more fuel efficient
in comparison to a blender.

The major part of oil reserves owned by Tatneft,
OJSC is constrained within carbonate reservoirs.
As it was previously mentioned, the main EOR
technology suitable for carbonate reservoirs
is hydraulic fracturing. After acid fracturing
or hydraulic fracturing of high-permeability
carbonate reservoirs, as well as after elimination
of formation contamination, one can observe a
substantial production increase. But this effect
can have short duration due to a limited volume
of formation being treated. That’s why there is
an idea to combine the technologies of acid and
hydraulic fracturing since such combined action
will have a synergy effect on formation. High
potential of combined action of acid fracturing and
conventional (proppant) fracturing is stipulated by
the fact that created fractures are fully propped that
allows acid to penetrate far into formation matrix.
Le. the treatment is moved deep into formation
thanks to a displacement profile (fracturing fluid
with non-Newtonian properties is one of the most
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OJIOI'M

PN Ha «JOMaHWUKOBCKOM roOpU30OHTE»

TEX

1. HegocTatouHas IAKPENnNeHHan QNUHE TREWMHE;
2. BbiCOKER BRAIKOCTL MMAKOCTH Pazpaigsa;
3. PpaKUWOHHLIA COCTAE W IHFYMTENLHAA KOHUSHTRALMA NPONNAKTa
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| PacnpocTpaHeHMe NPoNNaHdTa NPH BLICOKOBAZKOA MHAKOCTH |

N
Konesran |
NPOBOANMOCTE
TROWHH JAWACHT OT g
NEpBoHIEaTeHoR
HOHUSHTRALME
nponnaxTa,

L pHHE TREWMHEL

et A

HomUeKTpaLMA NpannanTa 8o
BIBSWEHHOM COCTORHHN NOCTENEHHD
YBENWYMBILTCR BCHEACTEME YO |
WHAKOCTH PAIPRIES B NOPOAY NNSCTA,

COBMEIIECHUS, 3AK/II0YAIOMASCA B (PUKCALTUY JJINHBI
CO3/[JaHHBIX TPEUUH NIPONMIAHTOM U 3(P(HEKTUBHOM
IJIYOOKOM IPOHUKHOBEHHUU KUCIOTHI B YIAJIEHHYIO
MaTPUILY HOPOABL, TO ECTb IEPEMEIIEHUN BO3/ICHCTBUSA
BIVIYOBb IJIACTA 32 CYET NPO(UIIA BBITECHEHUS ((KUJKOCTD
pa3pbIBa C HEHBIOTOHOBCKHUMU CBOHMCTBAMU SIBJISIETCS
OJHUM U3 3PPEKTHBIX MATEPHUAJIOB JIJISI BHIDABHUBAHUS
npoduis).

JJ151 peanusanuy COBMEIMEHU S TEXHOIOT U
KHUCJIOTHOT'O U TPONIAHTHOI'O PA3PBIBOB CYIIECTBYET
HOTPEOHOCTD B COBPEMEHHOM, BBICOKOTEXHOJIOTUYHOM
U HAZIEXKHOM OO60PYIOBAHUH, BE/Ib NCIIOTIb30BAHUE
JIBYX B3aMMOHCKJIIOUAIONUX BUJIOB KUJKOCTEHN
pa3pbIBa TPEOYET UCKIIOYEHN S BO3MOKHOCTU UX
CMENINBAHUSA BO BPEMS MPOBEACHUA ONEPAIIUN U
MIPOCTOTY 3200pa ArPECCUBHBIX KUJKOCTEN PA3PbIBA.
3AeCh BAKHBIM (DAKTOPOM ABUJIOCH 3(P(PEKTUBHOE
B3anMoievcTBUE Hame KomnaHuu ¢ C3AO «O1JIMATII»,
PE3YABTATOM KOTOPOT'O CTANO0 3PPEKTUBHOE
MPUMEHEHHE UMEIOIIETOCA OO0PYIOBAHUA AJIS
BBIINIOJTHEHU A COBMEIIEHHON TEXHOJIOI'MH KUCJIOTHOI'O
U IPOIIAHTHOI'O Pa3pbIBOB. B kauecTse OITP Ha ogHOM
13 CKBAKUH [TAO «TaTHE(TBH> IPOBEAEH COBMEIIEHHBI
IPOIECC HA BEPEHUCKUE OTIIOKEHNA 3AKAYKOHN 5 T
MPONIIAHTA U 32 M? KUCJIOTHL (B I'Pa(PUKE YKA3aHO 3 T).

D deKT OT IPOBEICHM S JJAHHON O6PAO60TKH IPEBBICHIT
3P PEKT OT KUCIOTHBIX OOPAOOTOK.
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3aKadKa KMCNOTHOMD COCTABE C LEMBI YBENWYEHHA
NPOHELBEMOCTH |

Mcnons308aHMe NUHERROM rena ¢ sarpyasol 3.6 i3
3aKa4Ka C OTOROHEON HEPEaYIOWMMACA NAHKAMIA NPONNaHTa
MEnkoi paxLweR;

BuICowan TeMN HArHETa WA Gones 4 M3fmnH
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effective materials for profile adjustment).

In order to implement the technology of combined
usage of acid and conventional fracturing it is
necessary to have state-of-the-art, high-tech and
reliable equipment. Since during such operations two
incompatible types of fracturing fluids are used, it is
required to exclude the possibility of their mixing, as
well as to provide easy means of recovering aggressive
fracturing fluids. Here one of the most important
factors was our effective cooperation with NOV
FIDMASH, which resulted in efficient application of
the existing equipment for conducting the combined
acid and hydraulic fracturing operation. In the
framework of pilot program a combined technology
was used at one of the wells of Tatneft, OJSC. A total
of 5 tons (the figure specifies the amount of 3 tons) of
proppant and 32 cubic meters of acid was injected into
the well. The outcome of this operation was greater
than that generated by a sole acid treatment.

One of the promising directions is oil recovery from
low-permeability Mendym-Domanic deposits. The
first such operation was ineffective. We got a wellbore
screenout during hydraulic fracturing operation.



OrpaHu4yeHue BbICOTbI TPeLUHbI
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3akauka Ha NHHeRAHoM rene dpakuMM NnponnaqTa
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OJHUM U3 IEPCHEKTHUBHBIX HANIPABACHUI CYUTACTCS JOObIYA
HeMTU U3 HUZKONIPOHUIIAEMBIX MEH/IBIM-ZJOMaHUKOBBIX
omnoxeHuil. [leppas HaIa paboTa OKa3aaaCcb HEA(MPEKTUBHON
— 6bL1 Tony4eH «CTOIT» npu NPOBEAEHNUH IPOIIIAHTHOTO
T'PI1. B ganpHEHIIEM CXEMA 3aKAYKH U3MEHUWJIACK. [11s
YBEJIUYEHHNS MPOHUILIAEMOCTH IPEABAPUTETBHO TPOBOAUTCS
KTI'PIL B panpHerimeMm nnposoauTcs I'PIT Ha tMHENHOM rene
C YEPEAYIOMMMUCS TAYKAMHU IPOMNITAHTA MEJIKOU (PPAKITUUL
[ IpeIOTBPAIECHUS BBITAJICHUS IIPONITAHTA HEOOXOIUM
BBICOKHI TEMI HATHETAHUS.

Haunbonee 3Ha4nMOH 1pOoOaeMOH ABISETCS OOBOJJTHEHHOCTD
BBICOKOIIPOHUITAEMBIX HUKHETTANNUCKHUX OTIOXKEHUN U
OJIM3Kas PACIOIOKEHHOCTb NOTEHIUAJIBHBIX IPOYKTHBHBIX
TOPU30OHTOB 11 TpoBeaeHns ['PIT K BOIOHOCHBIM IJIACTAM.

C 3TUM HETATUBHBIM (PAKTOPOM YCIIENTHO 6OPETCA TEXHOIOI U
OTPAHUYEHHS BBICOTHI TPEIIHUHBI, 3AKJII0YAIONIASICS B

34KAa4YKE HA MUHU-(PPAKE CMEMAHHOM (DPAKIIUH IPOIMITAHTA,
MOIaBAEMON HA IMHENHOM reJjie. D(PQEKT 3aKII0YAETCA B
3KPAHHUPOBAHUU BBICOKOIIPOBOIMMBIX KAHAJIOB, CBS3bIBAIOIINX
o006bexT I'PIT ¢ HUXKeIeKaIUMH BOJOHOCHBIMU IIJIACTAMU, U

"Ly

| OnpegeneHie haKTHYECKOR BICOTE TPELMHLI[MaDKHPOBAHHLIA I
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After that we changed the fracturing design. In
order to increase permeability we perform acid
fracturing. Only after this operation is over we
proceed to conventional fracturing with the
application of linear gel alternated by low-mesh
proppant packs. It should be noted that in order
to prevent screenouts it is required to maintain
high injection rates.

One of the most substantial problems is
watering of high-permeability NizhnePashiyskiy
deposits and close placement of potentially
productive horizons and water-bearing
formations. To address this issue we successfully
apply the fracture height limitation technology
that includes mini-fracturing operation with
injection of mixed-mesh proppant and linear
gel. This approach allows to screen high-
permeability channels that connect the target
zone with underlying water-bearing formations
and to increase the drainage radius. It results in
oil production increase and watercut decrease.
The confirmation of fracture height limitation
was obtained with the help of geophysical
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OJIOI'MI

MNepcnekTuBHbIE TEXHONOMMKU AN 3aKa3yuuKa

TEX

CKBa¥MHBI C HU3KMM
NAacTOBLIM AaBNeHWeM-
CNOXHOCTHA C ?CI'EHDBKOFI

AeyxnakepHa
A KOMNOHOBKA

nec4aHoro MocTa, O4YMCTKOM
CKBaXWHBI OT NpPONNaHTa nocne
r'PM

Bnuvskoe pacnonoxeHwe
HUX¥enexalux BOAOHOCHbBIX

ropuU3oHTOB «HCKYCCTBEHHBIA»

6apbep

BeiHOC nponnadTa nocne

npoeegeHwsa MPM m3
BbICOKOMPOHHWLAEeMbIX
KONNEKTOPOB

KapboHaTHele KonnekTopa ¢
HU3KUM KO3 dUUMEeHTOM

dHOManbHOCTH COBMELEHHBIN ||
KIPO+IPO |

YBEJIMYEHUU PAANYCA APEHUPOBAHUS. 34 CYET ITOT'O PACTET
JI06bIYa HE(PTU PU CHHIKEHUHU OOBOJJHEHHOCTU NPOAYKITUH.
TToxrBEpKAEHNE OO OTPAHUYEHUH BBICOTHI TPEIIUHBI OBLIO
MOJIYUYEHO PE3YABTATAMU reO(PU3NIECKUX UCCIIEJOBAHNH

C UCIOJIb30BAHUEM MAPKUPOBAHHOI'O IPONITAHTA. JJaHHAs
TexHomorus B 2015-2016 rogax onpo6oBaHa Ha 67 CKBAKUHAX,
3(pPEKT MOMTyIeH HA 52 CKBAXKUHAX.

B cKBaXMHAX ¢ HU3KOM IJIACTOBOY 3HEPTUEN IIPU
MNPOBEAEHUH MTOJIOTOBUTENBHBIX U 3AKJTIOUYUTETBHBIX
pa6oT nocie I'PIT BOZHUKAIOT CJIOKHOCTH IIPU OTCHITIKE
HIDKEJIEKAINX IIJIACTOB U BEIMBIBE ITPOIITAHTA ITOCJIE
I'PTI. CymiecTByeT HEOOXOAUMOCTD OTCHIITKH U O4UCTKHA
3HAYUTEBHBIX UHTEPBAJIOB IIPU ITOMOIIH KEJIOHKU. Pemmennem
JAHHOW ITPOOIEMBI ABIAETCA UCTTOIb30BAHHUE JIBYXITAKEPHOI
KOMIIOHOBKH I1pU ntposegenuu I'PIT.

ITpu nposeaenuy I'PI1 B BBICOKOIIPOHULIAEMBIX IIJIACTAX
3HAYUTETBHON ITPOOIEMON OBLI BBIHOC IMPOIITAHTA U3 IJIACTA
MOCJIE TUAPOPA3PLIBA. [IJI IPEJIOTBPAIIEHH A JAHHOTO
HETATUBHOTI'O (PAKTOPA HAYAJIM NPUMEHATh RCP-mponmanT.

O TEXHOJIOTUAX CO3/IaHUA TAK HA3bIBAEMOI'O UCKYCCTBEHHOT'O
0apbepa ¥ COBMENMEHHOM KHMCJIOTHOM U IponnadTHoM 'PIT Ha
KapOOHATHBIX OTIOKEHHUAX OBLJIO PACCKA3aHO PAHEE.
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logging and marked proppant. The described
technology was tested in 67 wells during the
years of 2015-2016. The desired effect was
obtained in 52 of them.

In the wells with low formation energy
usually there are complications during pre-frac
and post-frac operations. They are related to
backfill of underlying formations and post-frac
proppant cleanout. In order to perform the
above operations it is necessary to use bailer.
The possible solution to this problem can be
connected with the application of two-packer
assembly during hydraulic fracturing.

When conducting hydraulic fracturing
in high-permeability formations, there is a
probability of post-frac proppant backflow.

To prevent this threat we started to use RCP-
proppant.

The technology of creation of the so-called
artificial barrier, as well as the combined
acid and hydraulic fracturing operations in
carbonate reservoirs were previously described.



MpapodobmanpoBaHHbIM NPONMAHT

CHna cMauWBaHuA WIPaKT 3aMETHYID PONbk B OKPYHAIOWEM HAc wMupe. [OHWMAEHHA CMaYMBASMOCTH NNAcTa W MaTepWanos
JAKAMMBISMLIX B NNACT WIPAET BAKHYI0 POMb B ONTHMMIAUMK HIBNEYeHHA HedTH. XapasTep CMAYMBEIEMOCTH (CMAYHBEMOCTE HedTeH
WM BOO0H) BAMRET HE MHOMWE SCNEKTH NOBEASHWA MNAcTa, OCODEHHO NpPW 32B0OHEHMW W NPUMEHEHWH METOO0E NOBLILEHHA
HethTeOT AR,

Yacto sedmAHbe konnexTopa ofnagaer HeoQHOPOOHOCTHI0 MO MNPOHWULESMOCTH ANA HedTH ¥ BOAH, 8 N0 CMAEYMBAEMOCTH
OTHOCMTCA K rMapodunsHbM NOPOGaM, B NEpUOg OCBOEHHA CKBEWMH nocne nposegenuA TPT W npw nocnegywowen paspatorwe
HEPTAHLIX MECTOPOMISHWA BOIHWKAIOT GONLIUKE OCNMKHEHWA W3-38 YOASPWAHUS NOPOACH KONNEKTOROE BOOL M GNOKMPOBAHKA BLIXOAA
HEhTH M3 NOPUCTON cpeabl. Tamms oGpazomM, NOUCK NYTER, NOZBANAILME YMEHBIUNTE BOAOHACKIUEHHOCT NPH3atoNHOR YacTH nnacra,
CNEOoBaTENEHO, WHTEHCWOWLMPOBETE Npouecc paspafom 3anewed Hedmw nocne npoeegedus TPT, ABNASTCA WCKNHOMMTENLHO
BKTYRENBHOA ¥ CROKHON NPOGNEMON,

Boga dwneTpyeTca B NpuIabodHyo 30HY, OTTECHAET HedTe W3 Hee Brnybb NNEcTa WM YOEPHWBASTCA B NOPaX KENWNMAPHLIMK
cunaMin. B QanbHeRWIen Npn OCE0SHWN CKBEHMH ABMKEHWE HEMTI M3 KONNEXTOPA NPEKPELIBETCA, TaK KaK AENPEccHA MEXY NNAacTom n
3afoem HE B COCTORHMM NPECAONETH KANWNNAPHOE NABNEHWS, YOSMRHBSOWEE BOOY B HUIKONPOHWULEEMBIX KONNEKTOPaX npu3aboiHof
YECTH MNACTE, W CHBENMWHE CTEHOBMTCA HW3koOeOuTHOW nubo DecnpuTouHoR. B rugpodMnbHOA NOPOOE BENWYHHE YIME CMEUHBEHHA
MeHes 90° 1 BO3HMERIOWES Ha rPEHMUE paijgena das «eoaa — TBepA0E TENOY KanMNNAPHOS QABNEHWE YOSPEMBEET BO4Y B KaNHNNAPHOA
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uppodwnetes rpasynet. B cmasnnax NN npegnostiTencHee
pasMeLLaTE TMAPOEMNEHSA NECNNaHT, DaHHLA NPONNaHT NOZE0MUT
CHUIMTE NOBEDXHOCTHOR BABNEHIANYBENWMMTE NPUWEMMCTOCTE BOOR
YTO BNEYET 33 COBOR IKOHOMMED W ONTHMUIELWE0 NPOUSCCa
paspaloTEn MECTORDKAEHWA. B NaHHBIA MOMEHT NPOBOIKTCA
NaboPaTOPHLIE WCTBITBHA NPONMEHTE.

YacTo HEPTIAHBIE KOJIEKTOPBI O6IAJJAET HEOJTHOPOJHOCTBIO Oil reservoirs often have a nonuniform

O IPOHHUIIAEMOCTH JI/Is1 HE(PTH U BOJBL, 4 IO CMAYUBAEMOCTH
OTHOCATCA K TUAPOMUIBHBEIM TOPOAAM. B mEpUo OCBOEHM
CKBA>KUH 110CJIE ITpoBegeHus I'PIT u nipu nnoceayomen
Pa3paboTKe HEPTIAHBIX MECTOPOKACHNUI BOZHUKAIOT
OOJIBIINE OCIOXKHEHUS N3-34 YIEPKAHUS TOPOJOUA
KOJIZIEKTOPOB BOJbI U GJIOKUPOBAHUS BBIXOJA HEPTU U3
MHOPUCTON Cpebl. Bopa puibsTpyeTCs B NPHU3a60HHYIO 30HY,
OTTECHSIET HE(PTD U3 HEE BITIyOb IIJIACTA U YACPKUBACTCSA
B IIOPAX KAIIWUIAPHBIMU CUJIAMU. B fajibHEAIIEM ITIPU
OCBOEHMHU CKBAXKUH JIBUKEHUE HE(PTH U3 KOJJIEKTOPA
MPEKPANTAETCS, TAK KAK IETIPECCUS MEXK/TY IIJIACTOM U 3260€M
HE B COCTOSIHUH IPEOJOJIETh KAIIWUISIPHOE IABJICHUE,
YAEPKUBAIONIEE BOAY B HU3KOIIPOHHUIIAEMBIX KOJUIEKTOPAX
NpU3a60IMTHON YACTHU IIJIACTA, U CKBAXKUHA CTAHOBUTCS
HU3KOAECOUTHON TNO60 6ECTTPUTOYHON. EC/IN MOBEPXHOCTHU
TBEPJOTO TEMNA, T.€. IPONMNAHTY, IPUAATb TNAPO(POOHBIE
CBOWICTBA, TO OH IPHUOOPETAET BOJOOTTAIKUBAIONIEE
Ka4eCTBO. BoJja B IIJTACTE BBITECHAETCA HE(PTHIO U3 METKHUX
MOP B KPYITHBIE, U3 KOTOPBIX OHA B JAJIBHENIIIEM MOXKET OBITh
yAa71€eHa IIPH OCBOEHNY CKBAXKUHBL

B ckBaknnax [I1/] mpegnodTuTENIbHEE PA3MEIATD
TUAPOMUIBHBIA IPOINIIAHT, KOTOPBIH MO3BOJINT CHU3UTD
MOBEPXHOCTHOE JIABJIEHHUE, YTO YBEJIUUUT IPUEMHUCTOCTD
BOJIBL B HacToOsAIIEE BPEMSA ITPOBOAATCSA JIAOOPATOPHBIE
WCITBITAHUSA TAKOT'O IIPOIIIAHTA.

permeability to oil and water, while their wettability
points to water formations. During post-frac wells
completion and following oilfield development a
number of difficulties may arise due to entrapment
of water by the rock and resulting blockage of oil.
The water is filtered into a bottomhole zone, where
it displaces oil and pushes it back into formation.
The latter is then confined by capillary forces within
formation pores. During further well completion
the flow of oil out of formation stops since the
underbalanced conditions between the bottomhole
zone and formation cannot overcome capillary
pressure that confines water inside low-permeability
reservoirs within bottomhole formation area. Such
a well turns into a marginal one. If the proppant has
hydrophobic characteritics it can repel water. Water
inside a formation is displaced by oil and pushed out
of small formation pores into the bigger ones. Water
can be removed from bigger formation pores during
further well completion.

In well used for formation pressure maintenance it
is better to use hydrophilic proppant which will allow
to decrease surface pressure thus increasing intake
capacity of well. Currently laboratory testing of such
proppant are being performed.
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TS Bioxan—nosucaxapuaHblii camornapaTupyemblii 3areNMBaloLMid areHT

B HacToswee speMa MNP oTBOAMTCA KNKYEBAR DONG NDW PA3PatOTKE MECTOPOXMASHHA. TPAAHUMOHHAR TEXHONOMHYSCKAR KHAKOCTS,
MCMONL3IYEMAR B onepauyMax MPM-CcwMTeii réns ¢ BeICoKOR cTeneHsn BRakocTy (300 cf 1 Gonee). JaHHas ®uAKOCTE Ce6R
3APEKOMEHAOBANE, OAHAKD €8 HCNONBI0BAHME HA HEPTRHBIX NNACTAX CO CNABBIMK NEPEMBIMKAMHA M OFPaHHYEHHEM NO BRICOTE
PAZBUBAEMON TPEWMHE! B CBA3ZH C NPHUCYTCTEMEM BOAOHOCHBIX MNACTOE He3MMEKTHBHO. ANBTEDHATHEON CLUMTEIM MENAM ANA NoAoBHBX
FEQNOFHYECKHX YONOBHA MOryT G6iTh NMHERHBIE rend (683 MCNONBI0BAHMA CLUMBAKIUMX AMEHTOB) C BAIKOCTLID NOPAAKA HECKONBKHX
AECATHOB CaHTMNya3, Cnatoi cTOPOHOW TPAAMUMOHHEI AMHEHHEX renei ABNAETCA CNAto BEPAMEHHAR CNOCOBHOCTEID
TPEHCNOPTHPOBATE NPONNAHT B CHNY HM3KWMX TMKCOTPONHEIX CBOWCTE, BCNEACTEME YErD MCNONLIDEAHHE HX KaK DCHOBHLIX

NECKOHOCHTENEH OrpaHW4eHo.

TS Bioxan=-nonWcaxapmaHeli CAMOrMAPaTHPYEMEIA 3ArenNHB2K0WHA areHT Ha OCHOBE NoNWCaxapuaa,
NOMYYEHHOD NYyTEM DEPMEHTALUMK C MCNONb30BaHWEM BakTepwi. BA3KOCTs BOAHOMD pacTeopa TS

NuHelHBIl rens

Bioxan ¢ koHuesTpauxed 0.3% (3xr/m3) cocrasnaer scerg 16-17cM3 np CKopoCTH CaBura 511 cex-1
(30006/MMHH). TeM HE MEHEE, NPW CTONME HEBLICOKMXY NOKAZATENAX BAZKOCTH A3HHLIA pacTeop
rensofpasyiolero areHTa obnafaeT, NoOKanyd, NyHWHMH SHTHCEAHMEHTAUHOHHBIMM
KAPAKTEPHUCTHEAMKH M3 CYLWBCTBYHOWMY BapwanTos (Myap, KMLL, MM, Kpaxman ¥ 17.4.). TS Bioxan
PA3NAraeTcA ASCTPYKTODAMM OKMCIHTENBHOMD THNE.

- v --I“-l .

B CBsI3U C pOCTOM KOJIMYECTBA MATIOACOUTHBIX CKBAKUH
Y1 OOBOJTHEHHOCTBIO BBICOKOIIPOHHUIIAEMBIX IIJIACTOB
HIDKHENAITHUPACKOTO TOPU30HTA BO3ZHUKAIOT ITPOOIEMBL
PU IOAOOPE CKBAXKUH-KAHAUAATOB JJ1s1 IPOBEJCHUA
I'PIT. ITpu nposeaenuu I'PIT HA CKBAKMHAX C HAJIMYHEM
OJIN3KOPACIIONIOKECHHBIX BOJIOHOCHBIX TOPU30HTOB UJIU ITPU
OTCYTCTBUU IUIOTHBIX IIEPEMBIYEK B KAUECTBE AJIBTEPHATHUBLI
CIIUTOMY I'€JIIO, IPUMEHAEMOMY IIPU CTaHAAPTHBIX I'PIT, MmOXxeT
OBITH UCHOJIb30BAH JUHEUHBIN I'eJib. HEJOCTATKOM THHENHBIX
reJIed ABISIETCA C1a0asi IECKOHECYIAS CLIOCOOHOCTD, U3-34
4ero OrpaHUYEHA MAKCUMA/IbHAA KOHLIEHTPALIU IIPOIIIAHTA
U CYILLIECTBYET BEPOATHOCTD 3KPAHUPOBAHUA TPEIIUHBI HA
nocaegHux craauax I'PIL B ¢Bsi3u ¢ 3TUM 061aCTh IPUMEHEHUSL
JIMHENHBIX I'eJIEU OrpaHUYeHd. [TOUCK permeHu JaHHOU
IpOOIEMBI BBIBEJ HA IIPOU3BOIUTEICH IPUHITUITHATIBHO HOBOU
CHCTEMBI JKMIKOCTH Pa3priBa Bioxan — ronmcaxapujHoro
CAMOI'MIPATUPYEMOI'O 3aI'€/IMBAIOIIEIO AT€HTA HA OCHOBE
nonucaxapuja. JJanuas ;KUAKOCTb Pa3pblBd OOIaJaeT
ECKOHECYIIEN CLIOCOOHOCTHIO B IISITh Pa3 60J1€€ BBICOKOM,
4eM OOBIYHBIC JIMHEHHBIE T'enn. B kauectse OITP BO BTOpOM-
TpeTheM KBapTanax 2016 roga mranupyercs nposeaeHue ['PIT
C MUCITOJIb3OBAHHUEM JITAHHOM TEXHOJIOTUYECKOU JKUJKOCTU HA
ckBaxnHaX [TAO «T'atHE(TDH>.

AWKZI/IYG/')Z LA TOO0201MOB/ICH H OCHOBE ()()Klﬂél()él, 036YHUEeHHO20

6 npouyecce 12-1i [Tompeobumenscroil KOHpepeHuL
C3A0 «DPHIMALLI>.
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1.TS Bioxan oSnafaeT aHOMANEHD BLICOKOH BAIKOCTLIO
NPK HANkIX CKOPOCTAX CABWMMA (BLICOKIA THKCOTPONMA).
2.He nogeepmed GUONOrMYECKON AECTPYKUMK B OTNHYHE
ot ryapa, KMU » MM .
3.CraBunen npu TemnapaType ot -18 ao 120°C.
4. Paznaraertca CTAHAAPTHEIMH OKHCAHTEABHBIMKA
AECTPYRTOpPaMK (nepcynbdats!, OpraHMYecKue
MNEPEKHCH ).
5.¥cuneHue/ocnabneHHe aHTHCRAHMEHTAUMOHHBIMMH
CNOCOGHOCTH PEFYNMPYETCA TEMMEPaTYPOR BOALI W
KOHUSHTPauWed TS Bioxan,
W3 NEpeYMCNEHHBIX BEIWE CBORCTE CNEO0YET, YTO NpH
FAKAYKE NUHEAHOrD rena (683 MCnone30BaHUA
CLUMBATENA) NpHMeHanWe TS Bioxan Gonee
NPEANOYTHTENLHOE, Y&M MYapa W ApYrix 3arenveaiowmx
AreHToB.

A number of marginal wells and wells with
watered high-permeability formations of
NizhnePashiyskiy horizon is increasing. That is
why we have problems during selection of well
candidates for hydraulic fracturing. During hydraulic
fracturing of wells that have closely-spaced water-
bearing horizons or thin barriers between them
a linear gel can be used instead of crosslinked
gel used during standard fracturing operations.

The drawback of linear gels is their low sand-
lifting capability which limits maximal proppant
concentration and can lead to potential screenouts.
That is why the range of linear gel application is
quite limited. On the way to solve this problem we
found a completely new fracturing fluid system
called Bioxan. It is a polysaccharide self-hydrated
gelling agent which sand-lifting capability is five (5)
times higher than conventional linear gels. In the
framework of pilot development program we plan
to perform hydraulic fracturing with the application
of Bioxan fracturing fluid at the wells of Tatneft,
OJSC. The works are scheduled for Q2-Q3

of 2016.

This material is prepared on the basis of report
made during the 12" NOV FIDMASH’s Consumer
Conference.




